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Abstract
In Lithuania more than third (33.9%) of state roads are gravel roads. Maintenance of these roads needs large budget and
operation of them results in social discomfort. The best method to improve driving conditions and avoid social discomfort for the 
inhabitants living close to gravel roads is to reduce dustiness using suppressants or even construct asphalt pavement. But, dust 
suppressants are not enough efficient due to wet and rainy climate in Lithuania. Also, the performance of conventional asphalt
pavement used for low-volume roads was unsatisfactory, due to thin frost resistance layer or weak subgrade. And those 
additional works significantly increase road construction costs up to 25%.
As alternative solution the use of soft asphalt and Otta Seal technologies were proposed. Therefore, in 2012 the trial sections 
were constructed in order to clarify the effectiveness and functionality of soft asphalt and Otta Seal technologies under current 
traffic and climate conditions. Measurements of roughness and condition of soft asphalt pavement and Otta Seal were carried out 
in spring, summer (only condition of soft asphalt pavement) and autumn every year. The average roughness of all the trial 
sections with soft asphalt pavement or most of the trial sections with double Otta Seal complies with the requirements ( 3.5 
m/km) to the roads of regional significance. Besides, the roughness of the trial sections with soft asphalt is similar to that of the 
sections with asphalt base course-pavement. Trial road sections with soft asphalt pavement are in good condition after 30–32 
months of operation, and longitudinal cracks were observed as the main defect, which tends to heal in summer period. The Otta 
Seal also represented the ability to self-heal under high pavement temperature. However, the condition of trial sections with Otta 
Seal were not as good as soft asphalt pavement. The formation of the most defects were identified as causes of inappropriate 
amount of binder, insufficient maintenance in summer period and unqualified procedure of applying Otta Seal. Based on the 
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results of this research the conclusions and recommendations were made for further application of soft asphalt and Otta Seal in 
Lithuania.
© 2016The Authors. Published by Elsevier B.V..
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1. Introduction
According to Lithuanian Road Administration under the Ministry of Transport and Communication (2015) in 
Lithuania more than third (33.9%) of state roads are gravel roads. They are often called low-volume roads, because 
of the low average annual daily traffic (AADT), which varies from 40 vehicles per day (vpd) up to 
1000 vpd.(Skrinskas & Domatas, 2006).
The main problem of maintenance of gravel roads is dustiness. It is caused by unbound aggregate particles, which 
are thrown up by passing vehicles. At gravel roads with AADT 100 vpd and with travelling speed of 75 km/h, up to 
25 tons of gravel wearing layer aggregate can be lost annually per kilometer (Jones, 1984). It results in a thickness 
reduction of wearing layer approximately 4 mm for a road of 7 meter in width (Edvardsson, 2009). Besides, dust 
causes allergies and accumulates in the human respiratory tract (Gottschalk, 1994). Consequently, the dustiness 
must be controlled in settlements.
Typically, the control of dustiness is solved by applying chemical dust suppressants, e.g. calcium or magnesium
chloride, calcium lignosulphonate and etc. The application of this kind treatments might reduce the dustiness up to 
80 % (Hoover, 1973). However, the efficiency of chemical dust suppressants often results in a failure because of 
rainy days. The average annual amount of precipitation in Lithuania in 1981- ZDV  PP *DOYRQDLWơ
9DOLXNDV.LOS\V.LWULHQơ	0LVLǌQLHQơ'XHWRWKLVLQ/LWKXDQLDWKHFRQWURORIGXVWLQHVV, applying chemical 
dust suppressants, needs large budget and is inadequate solution for the desired operation of gravel roads 
(Vorobjovas, 2011). 
The permanent solution for control of dust is the paving of gravel roads. But naturally it is impossible due to 
economic reasons (Lindh, 1981). As a rule, in Lithuania gravel roads are paved with a single-layer asphalt 
pavement, which thickness varies from 6 cm to 10 cm depending on the number of equivalent single axle load 
(ESAL). However, practice has shown that this kind of pavement is sensitive to frost damage because of thin frost 
resistance layer or weak subgrade. It is solved by laying more than 30 cm thick layer of less frost-sensitive soils or 
carrying out improvement or strengthening of subgrade. Unfortunately, those additional works usually are not 
fullfiled due to increment of the road construction cost up to 25% (Vorobjovas, Andriejauskas, & Perveneckas, 
2014). Besides, constructing new asphalt pavement the correction of road plan and longitudinal profile is avoided 
(Gintalas, 2007). It results in less traffic safety. To sum up, the construction of asphalt concrete pavement is also too 
expensive solution for improvement of gravel roads operation.
In foreign countries, the operation of gravel roads is improved by using more economical and reasonable 
technologies for low-volume roads rehabilitation, i.e. construction of soft asphalt or Otta Seal (Swedish National 
road administration, 1996; Roads and Traffic Research Society & Asphalt Roads Working Group, 2000; Pinard & 
Greening, 2004; Joshi, Glory, Bhavan, & Jha, 2013; Overby & Pinard, 2013).
Nomenclature
AADT average annual daily traffic
ESAL equivalent single axle load
IRI international roughness index
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(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of Road and Bridge Research Institute (IBDiM)
2443 Audrius Vaitkus et al. /  Transportation Research Procedia  14 ( 2016 )  2441 – 2448 
2. Soft asphalt and Otta Seal technologies
Soft asphalt consists of aggregates, aggregates filler and soft (low viscosity) binder. Typically, the binder is 
bitumen which penetration at 25 °C varies from 250 x 0.1 mm up to 900 x 0.1 mm (bitumen grade from 250/330 up 
to 650/900) or soft bitumen which kinematic viscosity at 60 °C varies from 1000 mm2/s up to 16000 mm2/s (soft 
bitumen grade from V1500 up to V12000). The requirements for soft asphalt are specified in The European 
Standard EN 13108-3 “Bituminous mixtures. Material specifications. Part 3: Soft Asphalt”. There are several types 
of soft asphalt (type A; type B; type C; type S). The type of soft asphalt is chosen according to desirable mechanical 
properties under climatic conditions. 
Soft asphalt distinguishes of other asphalt mixtures by elasticity, durability, self-healing, low temperature mixing 
and etc. Self-healing is pointed out as the main advantage of soft asphalt. Under high asphalt pavement temperature 
bitumen becomes significantly softer and heals cracks. Due to this soft asphalt pavement is less sensitive to frost 
heaves and fatigue (Finnish Pavement Technology Advisory Council PANK, 1995; Swedish National road 
administration, 1996; Roads and Traffic Research Society & Asphalt Roads Working Group, 2000).
However, soft asphalt is not enough stable, has low light reflective and limited resistance to abrasion. Besides, 
water film might form on new constructed asphalt pavement and fluxes using for binder are environmental 
unfriendly (Finnish Pavement Technology Advisory Council PANK, 1995; Swedish National road administration, 
1996; Roads and Traffic Research Society & Asphalt Roads Working Group, 2000).
Based on the Swedish General Technical Construction Specification for Roads indications, a single wearing layer 
of soft asphalt can be laid on gravel roads with AADT  500 vpd. However, in this case, other layers of the 
pavement structure shall meet the requirements to the thickness.
Otta Seal consists of relatively soft (low viscosity) binder spraying on the surface followed by the spreading and 
rolling graded aggregates. Due to rolling and trafficking, the binder rises upwards through the aggregate particles 
and mechanically interlocks them. It results in a dense, durable matrix. Typically, Otta Seal is about 16–32 mm 
thickness (Overby & Pinard, 2013)
The Otta Seal distinguishes of other bituminous surface by enhanced durability, flexibility, utilizing labour–based 
methods, ability to use relatively inferior aggregates and etc. The ability to use relatively inferior aggregates, e.g. 
screened gravel instead of crushed rock, results in low construction cost. Furthermore, the Otta Seal combats high 
solar radiation. It leads to slowly ageing and hardening of binder, i.e. slowly degradation of the bituminous surface 
(Overby & Pinard, 2013).
The main disadvantage of the Otta Seal is a need more post–construction care (especially, 3–4 weeks after 
construction) (Overby, 1999; Overby & Pinard, 2013). Besides, the performance of Otta Seal strongly depends on 
adequate design and quality of construction (Joshi et al., 2013).
The application of Otta Seal is based on traffic level. It is recommended to use the single Otta Seal with sand 
cover seal when the AADT  500 vpd and the double Otta Seal when the AADT > 500 vpd. However, these 
recommendations are flexible and will be project dependent (Overby, 1999; Overby & Pinard, 2013).
Soft asphalt and Otta Seal are reasonable rehabilitation technologies for low-volume gravel roads. It improves 
operational characteristics and results in 29% (if soft asphalt is used) and even 44% (if double Otta Seal is used) less 
construction cost in comparison with construction cost of hot mix asphalt concrete pavement. Besides, the 
application of soft asphalt and double Otta Seal saves 5.36 mln. EUR/year and 7.7 mln. EUR/year annually 
rehabilitating about 120 km (Perveneckas, Vaitkus, & Vorobjovas, 2013).
3. Lithuanian practice using soft asphalt and Otta Seal technologies
In 2012 7.39 km and 56.32 km low volume gravel roads were paved with soft asphalt and double Otta Seal, 
respectively.
4.5 cm thickness layer of soft asphalt was laid on the new 15 cm thickness unbound base layer of crushed stone. 
It is emphasized that this kind of pavement structure is valid only at gravel roads with AADT  500 vpd and with 
number of 10 t equivalent single axle loads  0.1 mln. In other cases, the thickness of soft asphalt layer must be 
verified. 
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There was used soft asphalt type C. It was selected according to summarized results of laboratory tests 
(Perveneckas et al., 2013; Vorobjovas et al., 2014). They were assessed by the SAW method. Lithuanian experience 
in construction of hot mix asphalt concrete pavement at gravel roads showed that the most suitable mixture of 
mineral materials for the asphalt pavement–base layer is that of the fraction 0/16 (VaitkuV9RUREMRYDVý\JDV	
Pakalnis, 2014). Consequently, the soft asphalt SA 16-d-V6000 type C was used. 
The double Otta Seal was laid on the new 7–10 cm thickness unbound base layer of crushed stone. This kind of 
pavement structure was applied at gravel roads with AADT  500 vpd despite the fact that double Otta Seal is 
recommended for gravel roads with AADT > 500 vpd. The requirements for used binder and aggregates are 
UHSUHVHQWHGLQ*UDåXO\WơäLOLRQLHQơ	7XPLQLHQơ
There were used bitumen emulsion produced from the soft bitumen V 3000 or V 6000. The amount of the 
sprayed bitumen emulsion was 1.8 kg/m2 and 2.0 kg/m2 as soft bitumen V 3000 and V 6000 were used. However, it 
could be adjusted according to uphills, slopes and intensity of solar radiation. The aggregate mixture was used of 
0/16 fraction. The requirement of resistance for fragmentation according to the impact resistance value was 
SZ18  18% and the requirement of Los Angeles coefficient ̢ LA20  20%. The amount of the spread aggregate was 
14 l/m2. However, it could be adjusted according to the spread test results. Adhesive additives were not used.
It is noted that in both cases, i.e. in soft asphalt and double Otta Seal construction, an existing gravel pavement 
structure was matched up to the frost blanket layer if it had satisfied the requirements for frost blanket layer. 
Otherwise, there was laid a new frost blanket layer.
The experimental research was performed in order to assess the performance of soft asphalt and double Otta Seal
under Lithuanian climatic conditions.
4. Experimental research
In experimental research were analyzed 19 road sections: 5 road sections with soft asphalt (7.39 km) and 14 road 
sections with double Otta Seal (12.57 km). All sections were selected according to: 
x the maximum AADT;
x the number of ESAL;
x the number of freeze-thaw cycles;
x the frost depth.
Furthermore, all selected sections were grouped in five segments considering to Lithuanian regions, i.e. 
.ODLSơGD–7DXUDJơ âLDXOLDL–7HOãLDL 3DQHYơå\V–Utena, Vilnius–Alytus and Kaunas–.ODLSơGD (DFK UHJLRQ LV
different in its own climatic conditions. In Fig. 1 is shown analyzed roads with AADT and AADT of heavy vehicles.
The research consisted of two parts: 
x measurements of roughness (International Roughness Index (IRI));
x qualitative visual assessment of defects.
All measurements were carried out at different seasons. The measurements of roughness were done at the 
beginning of service (autumn 2012) and after 1 year of operation (summer 2013). The Road Surface Profilometer 
Dynatest 5051 RSP and the Mobile Road Survey Laboratory RST 28 were used for these measurements. 
The qualitative visual assessment of sections with soft asphalt were done in spring and summer of each year, 
while at road sections with double Otta seal - in spring and autumn of each year. At road sections with soft asphalt 
were assessed longitudinal cracking, transverse cracking, potholes, raveling, seals and bleeding, whereas all defects 
at the road sections with double Otta seal were grouped into P1 (fatting up, bleeding and tracking), P2 (scabbing, 
tearing and longitudinal joint crack), P3 (streaking) instead longitudinal and transverse cracks. All observed defects 
in all road sections are presented in Fig. 2.
It is emphasized that the qualitative visual assessment of defects strongly depends on researcher experience. In 
the first year, there were noticed that the assessment of fatting up, bleeding and tracking is very complicated. In 
order to avoid inaccurate assessment of these kind defects, in the report is written 5%, 10%, 30%, 50% and more 
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than 50% defects as in road section is observed from 0% to 5%, from 5% to 10%, from 10% to 30%, from 30% to 
50% and more than 50% defected area, respectively.
All defects except streaking are expressed in percentage and represent the distressed road section area or length 
(when there are analyzed longitudinal and transverse cracks). The streaking is assessed by measuring the length of 
the line or lines in which are lost chippings from a completed surface dressing.
5. Results
The analysis of the average international roughness index (IRI) showed that all road sections with soft asphalt 
and double Otta Seal met the requirement to the IRI of roads of regional significance. It means that IRI was less than 
3.5 m/km. Besides, the roughness of road sections with soft asphalt was similar to the required IRI for main roads 
 m/km).
Fig. 1. AADT in analyzed road sections.
Longitudinal crack Transverse crack Scabbing Tearing
Pothole Ravelling Longitudinal joint crack Streaking
Seals Bleeding Fatting up and bleeding Tracking
Fig. 2. Observed defects in analyzed road sections with soft asphalt and double Otta seal.
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At the beginning of the operation of road sections with soft asphalt, IRI varies from 1.31 m/km to 1.64 m/km and 
after 1 year – from 1.33 m/km to 2.08 m/km. Thus, roughness increased in average about 3.2%. It is noted that IRI 
measurements were not carried out in the road No. 2430 and in the road No. 4028 in autumn 2012. Whereas, at the 
beginning of the operation of road sections with double Otta Seal, IRI varies from 1.96 m/km to 3.40 m/km and after 
1 year – from 2.14 m/km to 3.49 m/km. Thus, roughness increased in average about 4.8%. It is noticed that in road 
No. 4516(1), No. 4516(2), No. 3208 and No. 4118 IRI decreased in average about 4.0%.
The analysis of the qualitative visual assessment of defects in road sections with soft asphalt showed that 
longitudinal cracks are the most significant defects. The severest distressed road sections were observed in spring 
(average 4.08% in 2013 and 4.84% in 2014). In summer 2013 the amount of longitudinal cracks decreased even 
64.10%. It results from soft asphalt ability to self-heal under high pavement temperature. However, in summer 2014 
longitudinal cracks self-healed lower than in summer 2013. In 2015 the amount of longitudinal cracks was almost 
constant during the year. It was conditioned by less warm summers and low freezing index in 2014-2015. It is noted 
that at road No. 1716 the longitudinal cracks have completely healed in summer 2013. The highest amount of 
longitudinal cracks was determined at the road No 2430 (20.05% in spring 2014). Meanwhile, at road No. 4028 and 
No 5235 are not observed any longitudinal cracks.
The transverse cracks appeared only in three road sections in spring 2014 (road No. 2043, No. 2518, No. 5235). 
The highest amount was in road No. 2518 (1.17%). Due to self-healing of soft asphalt the amount of transverse 
cracks decreased 40.48%. However, in 2015 it increased 27.17%. In road No. 5235 all transverse cracks have self-
healed in spring 2014.
The second important defects were bleedings. They are observed from summer 2013. In every qualitative visual 
assessment of defects the amount of bleedings increased. In summer 2013 bleedings occupied only 0.03% area and 
after two years it reached 0.91%. At road No. 5235 bleeding were observed only in summer 2013 and was less than 
0.01%. At road No. 2518 bleedings appeared only in 2015. The results are influenced by travelling of heavy 
vehicles, soft bitumen and high solar radiation in summer. Furthermore, bleeding often leads to increment of 
raveling, because tires of vehicles stick into bled bitumen and unseal pavement. This issue was confirmed by 
research. The amount of raveling increased proportionally to increment of bleeding. In summer 2013 it was only 
0.01% and after two year it reached 0.18% (similarly to results of bleeding).
Potholes were observed only at one road No. 2518 in spring 2013. They reached only 0.003 % area of this road 
section. During the operation it increased up to 0.006%.
Seals appeared in summer 2013 when surface layer became less stable due to high asphalt pavement temperature. 
The defected area was only 0.02%. Besides, in summer 2014 the amount of seals decreased about 73.2%. Probably, 
it is influenced by routine maintenance. However, in summer 2015 the amount of seals reached the same level as in 
summer 2013.
The analysis of qualitative visual assessment of defects in road sections with double Otta Seal showed that the 
longitudinal and transverse cracks have been observed from spring 2014. In 2014 were observed 9.03% longitudinal 
cracks and 1.00% transverse cracks. It is noticed that longitudinal and transverse cracks decreased 27.20% and even 
88.99% in autumn 2014, respectively. Consequently, double Otta Seal also self-heals under high pavement 
temperature. Longitudinal cracks develop due to fatigue and too less bearing capacity. While transverse cracks 
appear due to effect of low temperature and inadequate frost resistance of pavement structure. In 2014-2015 was a 
weak winter. So, it practically did not influenced development of transverse cracks, i.e. in spring 2015 transverse 
cracks reached 0.12%.
The most significant defects were fatting up, bleeding and tracking. Due to very hot summer in 2013 and 2014, 
there observed large bitumen spots. In autumn 2013 at 4 road sections (road No. 1717, No. 4516(1), No. 3208 and 
No. 5017) defected area was from 10% to 30% while at 2 road sections (road No. 2427 and No. 1235) it reached 
about 50%. In autumn 2014 bitumen occupied road No. 1235 more than 50%. The reasons why bitumen bleeds up 
are inadequate binder content and uneven binder distribution within the nozzle beam. Besides, the amount of these 
kind defects depends on season. The higher amount of fatting up, bleeding and tracking is observed in autumn in 
comparison with results in spring.
The highest amount of scabbing, tearing and longitudinal joint crack was in autumn 2012 (2.16%). Subsequently, 
it decreased due to sealing of scabbing during routine maintenance. It resulted in 11.3% and 75.1% decrement in 
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spring 2013 and in autumn 2013, respectively. In spring 2015 the amount of scabbing, tearing and longitudinal joint 
reached only 0.07%.
The streaking was found in 5 of the 14 road sections with double Otta Seal and varied from 5 m to 156 m. The 
main cause of streaking is a lack of binder. It may occur due to irregular transverse distribution of binder within the 
nozzle beam.
6. Conclusions
The implemented research of performance of soft asphalt and double Otta Seal under Lithuanian climatic 
conditions has shown the following results:
x Soft asphalt and double Otta Seal are suitable rehabilitation technologies for low-volume gravel roads with 
AADT  500 vpd and with ESALs < 0.1 mln during design period.
x All road sections with soft asphalt and double Otta Seal met International Roughness Index requirement for roads 
of regional significance, i.e. IRI was less than 3.5 m/km after construction and after one year of operation.
x Both technologies can be stated as self-healing pavements, but higher than 30°C temperature of pavement surface 
is required for this phenomenon. 
x The most reasonable distresses of soft asphalt are bleeding, raveling, potholes and seals. In all surveyed roads 
these kind of distresses do not exceed 0.9%. As for the Otta Seal the most reasonable distresses are scabbing, 
tearing and longitudinal joint crack. In surveyed road the average percent of them do not exceed 0.5%.
x In most cases Otta Seal distresses are related to insufficient construction works.
x There is no determined correlation between amount of defects and AADT, ESALs or regions.
x The annual 120 km construction of soft asphalt or double Otta Seal instead of construction of hot mix asphalt 
concrete pavement results in saving 5.36 mln. EUR/year and 7.77 mln. EUR/year.
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